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(57) ABSTRACT 

In a spin-torque magnetic random access memory (MRAM) 
that includes local source lines, auto-booting of the word line 
is used to conserve power consumption by reusing charge 
already present from driving a plurality of bit lines during 
writing operations. Auto-booting is accomplished by first 
driving the word line to a first word line voltage. After such 
driving, the word line isolated. Subsequent driving of the 
plurality of bit lines that are capacitively coupled to the word 
line causes the word line voltage to be increased to a level 
desired to allow sufficient current to flow through a selected 
memory cell to write information into the selected memory 
cell. Additional embodiments include the use of a Supplemen 
tal voltage provider that is able to further boost or hold the 
isolated word line at the needed voltage level. 

22 Claims, 8 Drawing Sheets 
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US 9,286.218 B2 
1. 

WORD LINE AUTO-BOOTING INA 
SPIN-TOROUE MAGNETIC MEMORY 

HAVING LOCAL SOURCE LINES 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

This application claims priority to U.S. Provisional Appli 
cation No. 61/950,501 filed Mar. 10, 2014. The content of that 
provisional application is incorporated by reference herein in 
its entirety. 

TECHNICAL FIELD 

The disclosure herein relates generally to spin-torque mag 
netic memory devices and more particularly to circuits and 
methods for driving word lines in Such memory devices. 

BACKGROUND 

Resistive memory devices store information by controlling 
the resistance across each memory cell Such that a read cur 
rent through the memory cell in the memory device will result 
in a Voltage drop having a magnitude that is based on the 
information stored in the memory cell. For example, in cer 
tain magnetic memory devices, the Voltage drop across a 
magnetic tunnel junction (MTJ) in each memory cell can be 
varied based on the relative magnetic states of the magnetore 
sistive layers within the memory cell. In Such memory 
devices, there is typically a portion of the memory cell that 
has a fixed magnetic state and another portion that has a free 
magnetic state that is controlled to be either parallel or anti 
parallel to the fixed magnetic state. Because the resistance 
through the memory cell changes based on whether the free 
portion is parallel or antiparallel to the fixed portion, infor 
mation can be stored by setting the orientation of the free 
portion. The information is later retrieved by sensing the 
orientation of the free portion. Such magnetic memory 
devices are well known in the art. 

Writing to magnetic memory cells can be accomplished by 
sending a spin-polarized write current through the memory 
device where the angular momentum carried by the spin 
polarized current can change the magnetic state of the free 
portion. One of ordinary skill in the art understands that such 
a current can either be directly driven through the memory 
cell or can be the result of applying one or more Voltages, 
where the applied voltages result in the desired current. 
Depending on the direction of the current through the 
memory cell, the resulting magnetization of the free portion 
will either be parallel orantiparallel to the fixed portion. If the 
parallel orientation represents a logic “0”, the antiparallel 
orientation may representalogic “1”, or vice versa. Thus, the 
direction of write current flow through the memory cell deter 
mines whether the memory cell is written to a first state or a 
second state. Such memory devices are often referred to as 
spin torque transfer memory devices. In Such memories, the 
magnitude of the write current is typically greater than the 
magnitude of a read current used to sense the information 
stored in the memory cells. 

In an array of magnetoresistive memory cells, each 
memory cell is often coupled to a corresponding selection 
transistor that allows each memory cell to be individually 
selected for access. The selection transistor for each memory 
cell is coupled in series with the memory cell between a 
source line and a bit line. A word line is coupled to the gate of 
the selection transistor, thereby controlling current flow 
through the series circuit based on the Voltages applied to the 

10 

15 

25 

30 

35 

40 

45 

50 

55 

60 

65 

2 
Source and bit lines. In some instances, a higher word line 
Voltage is needed in order to enable an appropriate amount of 
current flow through the memory cell that is sufficient to 
cause the free portion within the memory cell to change its 
magnetic orientation. 

Because a magnetic random access memory (“MRAM) 
may include thousands or millions of memory cells, reducing 
the amount of area needed for each memory cell and the 
associated access circuitry for the memory cell can provide 
for increased memory cell density. Higher memory cell den 
sity allows for greater data storage capacity in the MRAM. 
One technique that has been applied to reduce the area 
required for the associated access circuitry for the memory 
cells is to use local source lines. Such local source lines allow 
the memory cells to be packed more densely, but can result in 
additional power consumption. Therefore, it is desirable to 
provide techniques for Supporting Such local source lines that 
alleviate Some of the disadvantages associated with addi 
tional power consumption while promoting proper memory 
operation. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a schematic diagram of a portion of a magnetic 
memory device array in accordance with an exemplary 
embodiment; 

FIG. 2 is a timing diagram associated with certain signals 
included in the schematic diagram of FIG. 1 in accordance 
with an exemplary embodiment; 

FIG. 3 is a schematic diagram of a portion of a magnetic 
memory device associated with driving local word lines in 
accordance with an exemplary embodiment; 

FIG. 4 is a schematic diagram of a portion of a magnetic 
memory device associated with driving local word lines in 
accordance with another exemplary embodiment; 

FIG. 5 is a schematic diagram of a portion of a magnetic 
memory device associated with driving local word lines in 
accordance with yet another exemplary embodiment; 

FIG. 6 is a timing diagram associated with certain signals 
included in the schematic diagram of FIG. 5 in accordance 
with an exemplary embodiment; 

FIG. 7 is a flow chart of a method for accessing a memory 
cell in a magnetic memory in accordance with an exemplary 
embodiment; and 

FIG. 8 is a flow chart of a method for accessing a memory 
cell in a magnetic memory in accordance with another exem 
plary embodiment. 

DETAILED DESCRIPTION 

The following detailed description is merely illustrative in 
nature and is not intended to limit the embodiments of the 
Subject matter or the application and uses of Such embodi 
ments. Any implementation described herein as exemplary is 
not necessarily to be construed as preferred or advantageous 
over other implementations. 

For simplicity and clarity of illustration, the figures depict 
the general structure and/or manner of construction of the 
various embodiments. Descriptions and details of well 
known features and techniques may be omitted to avoid 
unnecessarily obscuring other features. Elements in the fig 
ures are not necessarily drawn to scale: the dimensions of 
Some features may be exaggerated relative to other elements 
to assist improve understanding of the example embodi 
mentS. 

The terms “comprise.” “include “have' and any varia 
tions thereofare used synonymously to denote non-exclusive 
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inclusion. The term “exemplary' is used in the sense of 
“example.” rather than “ideal.” 

In the interest of conciseness, conventional techniques, 
structures, and principles known by those skilled in the art 
may not be described herein, including, for example, standard 
MRAM process techniques, generation of bias Voltages, fun 
damental principles of magnetism, and basic operational 
principles of memory devices. 

During the course of this description, like numbers may be 
used to identify like elements according to the different fig 
ures that illustrate the various exemplary embodiments. 

For the sake of brevity, conventional techniques related to 
reading and writing memory, and other functional aspects of 
certain systems and Subsystems (and the individual operating 
components thereof) may not be described in detail herein. 
Furthermore, the connecting lines shown in the various fig 
ures contained herein are intended to represent exemplary 
functional relationships and/or physical couplings between 
the various elements. It should be noted that many alternative 
or additional functional relationships or physical connections 
may be present in an embodiment of the Subject matter. 

Nonvolatile memory devices are often used in various 
applications in order to store data that remains valid after 
power is no longer applied. Examples of Such nonvolatile 
memory devices include resistive memory devices such as 
MRAMs in which the resistance experienced by current flow 
ing through the memory cell varies based on the orientation of 
magnetic vectors within the memory cell and where Such 
resistance variations are used to store data. As noted above, 
spin torque memory devices send a current through the mag 
netoresistive stack in order to store information in a memory 
cell. Depending on the direction of the current, and assuming 
it has adequate magnitude, the free portion of the memory cell 
will be forced into a corresponding magnetic state indicative 
of the information to be stored in the cell. As discussed above, 
the various sensing and writing operations in memory devices 
can require currents of different magnitudes and directions to 
flow through the memory cells. 

In order to increase density in magnetic memories that 
include spin torque memory cells, local Source lines shared by 
a predefined set of memory cells can be employed in order to 
reduce the area needed for the memory array. Such local 
source lines are described in detail in U.S. Pat. No. 8,355,272, 
which issued Jan. 15, 2013, and which is assigned to the same 
assignee as the presentapplication. As described in additional 
detail below, the use of Such local source lines can require 
increased power consumption as a large number of bit lines 
associated with the memory array are forced to a certain 
Voltage during each operation. As described herein, Such 
additional power consumption can be leveraged to increase or 
otherwise adjust the voltage of word lines used to drive the 
selection transistors in the memory array, thereby “auto-boot 
ing the word lines such that they reach a desired voltage level 
corresponding to writing operations. Thus, such auto-booting 
techniques enable some of the additional power required for 
Supporting the local source lines to be harnessed and reused in 
a beneficial manner. 

FIG. 1 is a schematic block diagram showing a portion of 
an example memory device 100 that includes an array of 
memory cells arranged in rows and columns. In one embodi 
ment, the memory cells are resistive memory elements where 
information stored in each memory cell is represented by 
different amounts of resistance perceived by current flowing 
through the memory cell. Examples of Such memory cells 
include MRAM cells such as spin-torque MRAM cells. In 
one embodiment, each of the memory cells includes an MTJ 
where the resistance through the memory cell indicates the 
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4 
information stored in the memory cell. As noted above. Such 
memory devices are well known in the art. 
As shown in FIG. 1, the array of memory cells is divided 

into a number of sets of memory cells, including sets 110. 
120, 130,210, 220, and 230. Each of the sets of memory cells 
includes a corresponding local source line that is shared by all 
of the memory cells included in the set. For example, the set 
of memory cells 110, which includes memory cells 121-128, 
includes local source line 119 that is shared by all of the 
memory cells 121-128. Similarly, set 120 includes local 
source line 129, set 130 includes local source line 139, set 210 
includes local source line 219, set 220 includes local source 
line 229, and set 230 includes local source line 239. Each of 
the sets of memory cells may also be referred to as a bit-line 
group. In the embodiment illustrated, the Voltage on each of 
the local source lines can only be influenced or controlled by 
driving one or more of the bit lines coupled to the source line. 
The local source lines are not driven directly, but instead act 
as a coupling node that allows Voltages to be applied on the bit 
lines coupled to each respective local source line to cause 
current to flow through the memory cells in one direction or 
the other depending on the Voltages applied. In the example 
illustrated, each local source line is shared by eight memory 
cells. In other embodiments, 16 memory cells or other num 
bers of memory cells may be coupled to a local source line in 
the manner illustrated. Similarly, while a limited number of 
memory cells are illustrated in the diagram shown in FIG. 1, 
one of ordinary skill in the art appreciates that a memory array 
for a magnetic memory device would typically include many 
thousands or millions of Such memory cells. 

Within each of the sets of memory cells, a selection tran 
sistor is coupled between a first electrode of a corresponding 
memory cell and the local source line for the set of memory 
cells. For example, selection transistor 141 is coupled 
between memory cell 121 and local source line 119. Simi 
larly, each of selection transistors 142-148 is coupled 
between a corresponding memory cell 122-128 and the same 
local source line 119. Each of the selection transistors for the 
set of memory cells is controlled by a word line. In the 
example of set 110, word line 105 controls each of the selec 
tion transistors 141-148. As illustrated, word line 105 also 
controls the selection transistors corresponding to sets of 
memory cells 120 and 130 as well as other sets of memory 
cells not illustrated in FIG.1. A separate word line 205 con 
trols the selection transistors corresponding to the sets of 
memory cells 210, 220, and 230. 

For each memory cell in the set 110, a corresponding bit 
line of a plurality of bit lines 321-328 is coupled to a second 
electrode of the memory cell. For example, a bit line 321 is 
coupled to the second electrode of memory cell 121. Thus, the 
memory cell 121 and selection transistor 141 are coupled in 
series between bit line 321 and local source line 119. In other 
embodiments, the ordering of the selection transistor and the 
memory cell may be transposed such that the selection tran 
sistor lies between the memory cell and the bit lineas opposed 
to between the memory cell and the source line. As illustrated, 
each of the bit lines 321-328 is also coupled to the second 
electrode of a corresponding memory cell within the set of 
memory cells 210. In general, the bit lines correspond to the 
columns of the array, and the word lines correspond to the 
rows of the array. Thus, the selective driving of the bit lines 
and word lines within the memory array allows for different 
memory cells to be accessed for reading and writing opera 
tions. 

Sense amplifiers and write drivers associated with the 
source lines and bit lines, which are not shown in FIG. 1, 
enable read and write currents to be passed through selected 
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memory cells to both store information and later retrieve that 
information. Examples of Such sense amplifiers, write driv 
ers, and related circuitry are discussed in U.S. patent appli 
cation Ser. No. 13/362,599. 
When a selected memory cell is to be accessed for a write 

operation, the bit line associated with the selected memory 
cell is driven to a high or low voltage, whereas all of the bit 
lines associated with the other memory cells within the set of 
memory cells sharing a local source line with the selected 
memory cell are driven to the opposite low or high Voltage. 
For example, if memory cell 121 is to be accessed for a write 
operation in which the current flows downward through the 
memory cell (down-current write), the bit line 321 is driven 
high, while the bit lines 322-328 are driven low. The word line 
105 is asserted such that the selection transistors 141-148 
allow current flow through their respective series circuits and 
an amount of current flows from bit line 321 through memory 
cell 121 and selection transistor 141 to the shared local source 
line 119. The current is divided amongst the other seven series 
circuits sharing the local source line 119 such that one seventh 
of the current flows through each of selection transistors 
142-148 and their corresponding memory cells 122-128. 
While the current through memory cell 121 may be sufficient 
to cause the freelayer within memory cell 121 to change state, 
only one-seventh of that current passes through each of 
memory cells 122-128, and the system is designed such that 
the fractional current is insufficient to disturb the magnetic 
state of those memory cells. In the embodiment illustrated, 
such a write operation in which the current flows first through 
the selected memory cell and then through the selection tran 
sistor for the selected memory cell may be referred to as a 
down-current write. In contrast to memory devices in which 
the source line may be driven directly to cause current to flow 
through an individual memory cell, in an embodiment with 
local source lines, the bit lines corresponding to memory cells 
in the set that are not being accessed are driven to cause 
current to flow through the selected memory cell. Such local 
source lines allow for simplified layout of the memory cells 
and corresponding access circuitry as selection and driving 
elements are not required for the local source lines. 

In determining the number of memory cells to be included 
within each set of memory cells having a shared local sense 
line, the current flow needed for switching one of the memory 
cells can be considered to determine a minimum number of 
additional memory cells to be included in the set such that the 
divided current flowing through those additional memory 
cells is insufficient to disturb those cells. Thus, if one-seventh 
of the current could potentially disturb one of memory cells 
122-128, a larger number of memory cells can be included 
within the set 110 in order to further divide the current 
through the non-selected memory cells and ensure they are 
not disturbed. 

In the down-current write example given above, bit line 
321 being driven high, while bit lines 322-328 are driven low, 
results in current flowing downward through memory cell 
121. When of sufficient magnitude, such downward flowing 
current will result in the free portion of memory cell 121 
being forced to a first state that corresponds to either a binary 
“1” or “0”. In order to force the free portion of the memory 
cell 121 to a second state which is opposite the first state and 
therefore stores the other binary value, an upward current of 
Sufficient magnitude through memory cell 121 is needed (up 
current write). In order to achieve this, bit line 321 is driven 
low while each of bit lines 322-328 is driven high. In order for 
the current to flow, the word line 105 must be driven to a 
sufficient voltage in order to enable current flow through each 
of the selection transistors 141-148. 
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6 
In one embodiment, when the data in one or more memory 

cells in a row are to be accessed, the data stored in each of the 
memory cells to be accessed is sensed and stored in local 
data-store latches. Such an operation is sometimes referred to 
as an “activate operation, and the one or more cells whose 
information is stored in the local data-store latches can be 
referred to as a “page.” In accordance with the disclosure in 
U.S. patent application Ser. No. 13/362.599, the activate 
operation can include a self-referenced read operation that 
determines the information stored in each of the memory cells 
in the selected page. The self-referenced read operation 
includes first sampling the resistance of each of the memory 
cells in the selected page. After sampling the resistance of the 
memory cells, the memory cells are all written to a first state. 
For example, all of the memory cells may be written to a logic 
“0” Following the write to the entire page of memory cells, 
the resistance of each of the memory cells is sampled again 
and compared with the previous sample taken from the same 
memory cell before the write operation. Based on the com 
parison, the original state of the memory cell (i.e. “1” or “0”) 
can be determined based on whether or not the resistance 
changed significantly as a result of the writing operation. 
Once the activate operation is complete and the informa 

tion from the selected page is in the local data-store latches, 
read and write operations can be performed by retrieving data 
from and storing data into the local data-store latches. Such a 
self-referenced read ensures that deviations between the 
resistance values of different memory cells do not impact the 
ability to sense the information stored therein. When the read 
and write operations corresponding to the selected row are 
complete, a “precharge” operation is performed. While read 
and write operations to the activated row typically occur 
before precharging, the precharge operation can also be per 
formed immediately after an activate operation. During the 
precharge operation, the information in the local data-store 
latches is transferred to the memory cells in the correspond 
ing row within the memory array. Note that because the 
sensing operation has left all of the selected memory cells in 
the row in the first state, only those memory cells that need to 
be changed to the second state are written during the pre 
charge operation. For example, if the sensing operation writes 
all of the memory cells to a logic “0” (first state), then only 
those memory cells that are to store a logic “1” (second state) 
need to be written during the precharge operation. One of 
ordinary skill in the art appreciates that the first state may 
correspond to either a logic “1” or “0” such that the second 
state corresponds to the complementary “0” or “1” logic 
value. 
As noted above, for a spin-torque MRAM, the first state 

can be stored in the memory cell by sending a write current of 
Sufficient magnitude through the memory cell in a first direc 
tion. Storing the second state in the memory cell is accom 
plished by sending a write current of Sufficient magnitude 
through the memory cell in a second, opposite direction. As 
Such, an activate operation will only require write current in a 
first direction, and a precharge operation will only require 
write current in the opposite direction. As such, activate 
operations can rely on down-current writes, where, in the 
embodiment of FIG. 1, the majority of the bit lines are driven 
low, whereas certain select bit lines will be driven high. In 
Such an embodiment, precharge operations can rely on up 
current writes. It should be appreciated that the current direc 
tion for activate and precharge operations can be transposed 
in other embodiments. 
A word line driver, which is not shown in FIG.1, drives the 

word line 105 when the row of memory cells corresponding to 
word line 105 is selected for reading or writing operations. 
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Selection of the row corresponding to word line 105 is based 
on address information provided to the memory device that 
determines which of the rows of memory cells is to be 
accessed for reading or writing. As discussed in more detail 
below, decoding circuitry, which decodes the address infor 
mation to determine which word line is to be driven, is typi 
cally shared such that portions of the decoding circuitry may 
be used by many word line drivers. Minimizing the area 
required for each of the selection transistors 141-148 results 
in Such devices having Smaller widths, which in turn increases 
the on-resistance of the selection transistors 141-148 when 
word line 105 is driven. Because having a low on-resistance 
for the selection transistors 141-148 is desirable for many 
reasons, higher word line Voltages can be used to decrease the 
on-resistance of the selection transistors 141-148 while still 
allowing those transistors to have a smaller width. 
As illustrated in FIG. 1, the series circuit through which 

current flows for an up-current write is slightly different from 
that for a down-current write from the perspective of the 
current flow. In order to ensure proper operation, this differ 
ence may require different word line Voltages for up-current 
and down-current writes in order to enable sufficient current 
flow during those operations. For example, during an up 
current write with respect to memory cell 121 (bit line 321 is 
low and bit lines 322-328 are high), a higher word line voltage 
on word line 105 results in greater gate-source Voltage (Vis) 
on selection transistor 141, which in turn results in a lower 
resistance across the selection transistor 141 in the series 
connection with memory cell 121. Such higher word line 
Voltages are sometimes greater in magnitude than the logic 
Supply Voltage for the memory device. 
The present application presents a technique for achieving 

Such a higher word line Voltage without undue additional 
power consumption by utilizing the movement of the large 
number of bit lines 322-328 from a low to the high voltage, as 
such movement causes the word line 105 to be boosted to 
higher Voltage level based on the capacitive coupling between 
the word line 105 and the plurality of bit lines 322-328. 

In accordance with one embodiment that employs this 
“auto-booting technique, when a write to memory cell 121 is 
to occur, the word line 105 is driven to an initial first word line 
voltage. In the case of an up-current write, the first word line 
voltage is less than the needed word line voltage for the write 
to occur. In some embodiments, the first word line Voltage 
may be a Voltage greater than an available power Supply (e.g. 
V), which can be generated using a charge pump or other 
known techniques for achieving Voltages greater than Supply 
voltages. In other embodiments, the first word line voltage 
may correspond to the Voltage needed for a down-current 
write, a Voltage less than a Supply Voltage, or a Voltage equal 
to a supply voltage. After the word line has been driven to the 
first word line voltage, the word line is isolated from the 
circuitry that was used to drive the word line to the first word 
line voltage. The resulting isolated word line is effectively 
floating in the sense that it can be influenced by capacitive 
coupling with other portions of the access circuitry. Follow 
ing isolation of the word line 105, the plurality of bit lines 
322-328 (i.e. those corresponding to the memory cells not 
being accessed) are driven to a first bit line voltage. The first 
bit line voltage may be different than the first word line 
Voltage. For example, if the first word line Voltage is a Voltage 
greater than a Supply Voltage, the first bit line Voltage may 
correspond to the Supply Voltage. In a specific example 
memory having a Supply Voltage V, the first word line 
Voltage may be slightly greater than V, while the first bit 
line Voltage may be about equal to V (i.e. the bit lines are 
driven “high’). In some embodiments, these bit lines begin at 
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8 
ground or a very low Voltage in order to minimize leakage 
current. In other embodiments, a small amount of Voltage 
may be on each of those bit lines prior to their being driven 
high. 

Each of the bit lines driven to the first bit line voltage is in 
a series circuit with a corresponding selection transistor 142 
148 that is capacitively coupled to the word line 105. As such, 
when the bit lines are driven to the first bit line voltage (e.g. 
“high” or V.), the Voltage on the isolated word line is 
adjusted based on the increased voltage on the bit lines. For 
example, when the majority of the bit lines are driven high, 
the word line Voltage will increase by a proportional amount. 
The resulting second word line voltage on the isolated word 
line preferably corresponds to the needed word line voltage 
on selection transistor 141 to Support an up-current write to 
the memory cell 121. Thus, when the high voltage is applied 
to bit lines 322-328 and a low voltage is applied to bit line 321, 
the isolated word line holds a sufficient “auto-booted voltage 
for the up-current write operation to occur. Because numer 
ous bit lines need to be driven to a higher Voltage to Support 
the local source line configuration, utilizing the capacitive 
coupling of those bit lines to the word line to achieve a higher 
word line Voltage without necessitating a greater drive 
strength with respect to the word line can be advantageous in 
reducing power consumption. 

In order to determine the initial first word line voltage to 
which the word line 105 is driven prior to isolation, the 
amount of charge expected to be provided to the isolated word 
line based on the number of selection transistors coupled to 
the word line can be considered. In the example illustrated in 
FIG. 1, charge will be placed on the isolated word line 105 
from however many bit lines are being driven to the higher 
voltage in each of the sets of cells coupled to the word line 
105, including sets 110, 120, and 130. Thus, if the bit lines 
corresponding to sets of cells 120 and 130 are also driven to 
the higher bit line voltage to which the bit lines 322-328 are 
driven, additional charge will be supplied to the isolated word 
line 105. 

In some embodiments, the desired word line Voltage may 
be achieved by driving a greater or fewer number of bit lines 
that interact with the word line to a higher voltage, thereby 
resulting in varying amounts of charge being placed on the 
isolated word line. In other embodiments, the amount of 
voltage increase on the isolated word line can be controlled by 
driving unused bit lines, which are capactively coupled to the 
isolated word line, to varying Voltage levels to achieve the 
desired Voltage increase. In yet other embodiments, a Supple 
mental voltage provider can be coupled to the isolated word 
line, where the Supplemental Voltage provider provides addi 
tional charge or drives a different voltage onto the isolated 
word line in order to ensure that the needed voltage level is 
achieved on the word line for the up current write. Such 
Supplemental Voltage providers, which may be referred to as 
“keeper structures, are discussed in additional detail below. 

Based on the activate operation, which, in one embodi 
ment, utilizes a down-current writes to put all of the memory 
cells within a page in the same state, being followed by a 
precharge operation, which relies on up-current writes to 
write data back to selected memory cells, the majority of the 
bit lines corresponding to a particular word line will always 
be moving in the same direction. For example, during a pre 
charge operation, only the bit lines corresponding to selected 
memory cells to which new data needs to be written will be 
driven low. As such, all of the remaining bit lines are available 
to be driven high, thereby providing a boost to the word line 
Voltage. 
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In an example where one of the memory cells included in 
the set of memory cells 120 is part of the page being accessed, 
it may not be necessary to write new data to that memory cell 
during the precharge operation. In other words, if the data to 
be stored in the memory cell within set 120 corresponds to the 
state of the memory cell after the activate operation, that state 
doesn’t need to be modified or overwritten. However, it is still 
possible to drive all of the bit lines corresponding to the 
memory cells within set 120 to a higher level in order to help 
boost the word line 105. Notably, the higher level to which 
these effectively unused bit lines are driven may be less than 
that corresponding to the bit lines used to provide Voltage for 
an up-current write. Thus, the other bit lines corresponding to 
sets of memory cells 120 and 130 could be driven to a differ 
ent bit line voltage then either the bit line 321 corresponding 
to the selected memory cell 121 or the plurality of bit cells 
322-328. Such a third bit line voltage could be configured to 
add the needed amount of additional voltage to the word line 
105 to reach the desired second word line voltage. 

In yet other embodiments, the word line 105 may be seg 
mented into local word lines that access Smaller numbers of 
sets of memory cells such that potential variation in terms of 
the amount of additional charge provided to the word line 
during an up-current write is reduced. For example, rather 
than being coupled to the selection transistors for a large 
number of sets of memory cells, including sets 110, 120, and 
130, word line 105 may be segmented such that those three 
sets are the only sets controlled by word line 105. It should be 
appreciated that variations on the number of selection tran 
sistors coupled to a particular word line are possible where 
adjustments to the initial first word line voltage prior to iso 
lation and bit line driving Voltages can occur in order to 
achieve the desired result. 

While FIG. 1 illustrates the “auto-booting of a word line 
in the context of a memory that includes local Source lines, it 
should be appreciated that once a word line is isolated, the bit 
lines coupled to the selection transistors controlled by the 
word line can be used to influence the voltage on the isolated 
word line in embodiments where shared local source lines are 
not employed. Thus, while the auto-booting concept may be 
particularly advantageous in a local source line embodiment 
where many bit lines are necessarily driven to a higher volt 
age, it can also be used in embodiments without local Source 
lines. 

FIG. 2 illustrates a timing diagram corresponding to certain 
signals of FIG. 1 during both a down-current write and an 
up-current write corresponding to memory cell 121. As 
shown, word line 105 is initially driven at 401 to a first word 
line Voltage, which, in Some embodiments is greater than a 
Supply Voltage Such as V. In the case where a down-current 
write is to occur, the word line Voltage may not need to be 
boosted at all in order to provide sufficient voltage on the 
selection transistor to enable the down-current write to occur. 
As such, the initial first word line voltage may beat or near the 
word line Voltage necessary for a down-current write. Once 
the word line 105 is driven to the initial word line voltage at 
401, it is isolated such that it is floating and its voltage level is 
susceptible to movement based on the word line's capacitive 
coupling to other signal lines. 
When the selected bit line 321 is driven high at 411 while 

the bit lines 322-328 remain low, a small amount of voltage 
influence from selected bit line 321 to word line 105 may 
occur such that a slight boost 402 in word line 105 occurs as 
a result of selected bit line 321 being driven high. As can be 
seen, the local source line 129 is raised slightly during the 
down current write (between edges 423 and 424) as current 
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10 
flows through the selected memory cell 121 and a fraction of 
that current flows through the remaining memory cells 122 
128. 
When the down-current write is completed and the selected 

bit line 321 is no longer driven high at 412, the word line 105 
returns to the initial first line word line voltage at 403. As 
noted above, the down-current write may correspond to an 
activate operation where information corresponding to a page 
of memory cells is placed in local sense amplifiers for access 
in reading and writing operations. Following those opera 
tions, a precharge operation returns the data in the sense 
amplifiers to the array of memory cells. AS Such, Sometime 
following the initial down-current write operation, a Subse 
quent up-current write operation is used to store new values in 
some or all of the memory cells included in the page. While 
the down-current write and up-current write are illustrated as 
being in close temporal proximity in FIG. 2, it should be 
appreciated that those operations could be separated by a 
number of read and write accesses to the data-store latches. 
When the bit lines 322-328 are driven to a first bit line 

Voltage at 421, marking the beginning of the up-current write, 
the word line 105 is boosted at 404 to a second word line 
Voltage that is sufficient to Support the needed gate Voltage at 
the selection transistor 141 during the up-current write. As 
noted above, the first bit line voltage may be different than the 
first word line voltage. For example, the first bit line voltage 
may correspond to a Supply Voltage, while the first word line 
Voltage may correspond to a Voltage greater than the Supply 
voltage. As can be seen, the local source line 129 is raised to 
a higher Voltage during the up-current write (between edges 
425 and 426). When the bit lines 322-328 return low at 422, 
the capacitive coupling between those bit lines and the word 
line 105 results in the word line 105 returning to its initial first 
word line voltage at 405. 

FIG. 3 illustrates a schematic diagram of a group of local 
word line drivers in accordance with an exemplary embodi 
ment that allows the local word lines to be driven as well as 
isolated for auto-boot operations. As noted above, the word 
lines for an array of magnetic memory cells may be seg 
mented into shorter sections that include smaller subsets of 
the total number of memory cells in the array. Having shorter 
sections allows the transistors used to select the local word 
lines to be kept small. In the embodiment illustrated in FIG.3, 
a plurality of local word lines 451-458 can be selectively 
driven, isolated, or grounded. 

Global row decode signals 464-465 provide a first level of 
decoding corresponding to whether a received address selects 
a local word line from a first set of local word lines or a second 
set of local word lines. The local boot lines 481-484 provide 
a second level of decoding that allows for selection of one or 
more particular local word lines in the set of local word lines 
controlled by each global row decode signal. For example, if 
global row decodesignal 464 is low, and local bootline 484 is 
high, transistor 444 will cause the inverter 450 to drive the 
local word line 454 to an initial first word line voltage. Note 
than the initial first line Voltage may be a Voltage greater than 
a supply voltage for the memory. Thus the inverter 450 may 
be able to output a Voltage greater than the Supply Voltage or 
a charge pump or other Voltage boosting circuit may be Sup 
plied in the circuit to enable the first word line voltage to be 
greater than a Supply Voltage. In the example where the Volt 
age to be driven onto the local word line 454 corresponds to 
the supply voltage for the inverter 450, the local bootline 484 
is initially driven to a Voltage level about equal to the Supply 
voltage for the inverter 450 plus some additional amount 
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greater than the threshold voltage of the transistor 444 such 
that the full inverter supply voltage is passed to the local word 
line 454. 
Once the first word line voltage has been driven onto local 

word line 454, the voltage on local boot line 484 can be 
reduced Such that the gate-to-source Voltage (Vis) across 
transistor 444 is about 0 volts, and the local word line 454 is 
allowed to float. When local word line 454 is so isolated, 
transistor 444 will not allow current to bleedback from the 
local word line 454 to the output of the inverter 450. The 
isolation of local word line 454 allows it to be subsequently 
booted by the plurality of bit lines driven during an up-current 
write operation as discussed above. 
When local word line 454 is the selected local word line, 

local boot lines 481-483 are low, thereby isolating local word 
lines 455-457 by turning off transistors 445-447. When glo 
bal row decodesignal 465 is high, none of the local word lines 
455-458 is driven high as the output of each of the inverters 
460 and 470 is low. Although local boot line 484 is high 
(because local word line 454 is the selected local word line), 
and transistor 448 is on, because inverter 470 is low at its 
output, local word line 458 will be grounded. Such grounding 
may be advantageous as it bleeds away any accumulated 
charge on local word line 458 that may occur based on the bit 
lines being driven for the writing operation being done with 
respect to local word line 454. 

Thus, as shown in FIG. 3, driving the word line to the first 
word line Voltage prior to isolating the word line can include 
decoding a first portion of an address to determine first row 
selection information Such as the global row decode signals 
464-465 and decoding a second portion of the address to 
determine second row selection information such as the local 
boot lines 481-484. Such a combination of global and local 
row decoding enables word lines to be segmented into shorter 
local word lines and also allows for smaller transistors to be 
used to enable the local word lines to be driven to the initial 
first word line voltage. 
The embodiment illustrated in FIG.3 results in many of the 

unselected local word lines being isolated or “floated” (not 
driven high or grounded low). While this may be advanta 
geous when floating the word lines is desired to reduce gate 
leakage current, it can be detrimental to the desired charge 
sharing that results in autobooting of the selected local word 
line. For example, all of the local word lines 451–453 and 
455-457 associated with local boot lines 481-483 are effec 
tively floating when those local boot lines are low. In order to 
avoid having so many floating local word lines, additional 
circuitry can be added to ground the unused word lines rather 
than allowing them to float. An example of Such an embodi 
ment is illustrated in FIG. 4. 

In FIG.4, each local word line 512 and 105 is controlled by 
three transistors that allow the local word line to be driven by 
the inverter 520, be isolated, or be pulled to ground. In the 
configuration illustrated in FIG.4, when a local word line is 
not the selected local word line, it is pulled to ground. For 
example, if the global row decode signal 505 is high, which 
corresponds to neither of local word lines 512 and 105 being 
selected, transistors 517 and 519 pull local wordlines 512 and 
105 to ground. 
When global row decode signal 505 is low, the local boot 

lines 523 and 524 determine whether each of the local word 
lines 512 and 105 is driven or pulled low. In the case where the 
global row decode signal 505 is low and the local boot line 
523 is low, local word line 512 is not the selected local word 
line. Because local boot line 523 is low, transistor 511 does 
not allow the high output of the inverter 520 to be passed 
through to local word line 512. Transistor 516, which is 
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12 
turned on based on the output of the inverter 520 being high, 
gates the local word line 512 to the local boot line 523 (which 
is low), thereby pulling the local word line 512 to ground. 

If local word line 105 is the selected local word line, the 
local boot line 524 is initially driven to a voltage greater than 
the supply voltage of the inverter 520 such that the threshold 
voltage of the transistor 513 does not interfere with passing 
the supply voltage of the inverter 520 to the local word line 
105 in its entirety. When it is time to isolate the local word line 
105, the local boot line 524 is dropped to a level about equal 
to the supply voltage of the inverter 520 such that the gate to 
source voltage (V) across transistors 513 and 518 is 
approximately Zero, thereby isolating the word line 105 and 
preventing bleed back of any charge as those transistors 
behave as reverse-biased diodes. Thus, the embodiment of 
FIG. 4 allows non-selected local word lines to be grounded as 
opposed to leaving them in an isolated State. 

In many memory devices, the total set of memory cells can 
be separated into multiple banks of memory cells that can be 
accessed independently. In such memory devices, accesses to 
data in different banks can be interleaved in order to achieve 
higher bandwidth. For example, an activate operation may be 
initiated in one bank while data is being read out from another 
bank in which a page has already been opened. In Such 
memory devices, it is helpful to share global row decoders 
between banks in order to conserve die area. When global row 
decoders are shared, individual banks can sample the result of 
a global decoding operation when the particular bank is the 
selected bank. Once the selected bank has sampled the result 
of the global decoding operation, the global row decoder can 
be used in conjunction with an operation to a different bank. 

FIG. 5 illustrates an example embodiment of circuitry that 
Supports Such a sampling operation corresponding to a global 
row decode signal 505. The added circuitry corresponding to 
the global row decode sampling includes transistors 641-646. 
Initially, the reset\signal 670 is asserted low, thereby turning 
on transistor 641, which forces the output of inverter 520 low 
and turns on transistors 517 and 519 such that local word lines 
512 and 105 are pulled to ground. 

After the reset\signal 670 is de-asserted high, the row latch 
signal 672 can be used to capture the state of the global row 
decode signal 505 at a particular point in time. The row latch 
signal 672 is asserted when the bank that includes the local 
word lines 512 and 105 is selected. The appropriate latch 
signal corresponding to the selected bank is asserted based on 
decoding of bank-select information, which is typically part 
of the address provided with an operation, including an acti 
vate operation. 

In an example where one of the local word lines 512 and 
105 is to be selected, the global row decode signal 505 goes 
low for a period of time, and the row latch signal 672 is 
asserted high for a time based on a determination that the bank 
is the selected bank. When the row latch signal 672 goes high, 
the global row decode signal 505 is passed through transistor 
642 to the input of the inverter 520. If the global row decode 
signal 505 is low, the output of the inverter 520 is high, 
thereby turning on transistor 646, which, in conjunction with 
transistor 645 (turned on based on reset\ 670 being de-as 
serted), continues to pull the input of the inverter 520 to 
ground after the row latch signal 672 is de-asserted. As such, 
if the global row decode signal 505 is low when the row latch 
signal 672 goes high, feedback from the output of the inverter 
captures that low value such that it is held even after row latch 
signal 672 returns low, thereby isolating the global row 
decode signal 505 from the input of the inverter 520. Simi 
larly, if the global row decode signal 505 is high, the output of 
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the inverter 520 is low, and transistors 643 and 644 hold the 
input to the inverter 520 high after the row latch signal 672 
was de-asserted. 
Once the global row decode signal is sampled, it can be 

used in conjunction with the local boot signals 523 and 524 to 
drive one or more of the local word lines 512 and 105 as 
discussed above. When the operations are complete, the reset\ 
line 670 can be asserted low once again, thereby ensuring that 
both local word lines 512 and 105 are grounded and any 
accumulated charge on those lines is dissipated. As one of 
ordinary skill in the art appreciates, there are many circuits 
and techniques that are well known in the art for sampling a 
particular signal line and holding that value either for a speci 
fied duration or until a Subsequent reset signal is received. As 
Such, the specific example embodiment provided herein 
should not be viewed as limiting in any way. 

Because the global row decode signal 505 is sampled for 
the selected bank, after the sampling occurs, the global row 
decode signal 505 can be used for other operations in other 
banks within the memory. In one embodiment, sampling the 
global row decode signal 505 is associated with an activate 
operation to the particular bank, where the bank select infor 
mation that accompanies the activate command results in a 
row latch signal 672 assertion in the selected bank. In such an 
embodiment, a reset\ signal 670 assertion can be associated 
with a precharge operation, thereby indicating that the 
memory operations associated with the activated page within 
the selected bank have been completed and causing any 
selected word lines to be de-selected and pulled to ground. 

Thus, when a command corresponding to a particular bank 
(i.e. an activate command) is received, a portion of the address 
is used to determine to which bank the command is directed. 
That portion of the address will determine which of the row 
latch signals within the memory device is asserted in order to 
sample the global row decode signals within the memory. 
Another portion of the address is decoded to determine which 
of the global row decode signals is asserted. While those 
global row decode signals are distributed to all banks 
throughout the memory, only the selected bank whose row 
latch signal is asserted will capture the global row decode 
signal that is asserted. As before, additional address informa 
tion corresponding to the row is used to determine which of 
the local boot lines are asserted in order to determine the 
appropriate local word line to drive to the initial word line 
voltage. After the initial driving, the selected local word line 
can be isolated such that the auto-booting described above 
can be used to boost the word line to the needed voltage for 
up-current writes. 

Notably, once the selected word line is isolated and allowed 
to float Such that it can be auto-booted, charge begins to leak 
away from the isolated word line as a result of gate leakage. 
As such, it may be preferable to limit the amount of time a 
word line is isolated and expected to Supply sufficient Voltage 
to Support write operations. In order to alleviate this concern, 
a supplemental voltage provider 810, which is illustrated in 
FIG. 5, may be coupled to the local word line such that the 
voltage level on the local word line can be maintained or 
boosted by an additional margin when selected and isolated. 
Such a Supplemental Voltage provider may also be referred to 
as a “keeper based on its function of keeping the local word 
line at a desired voltage level. For example, if local word line 
512 is selected, once it has been driven to the initial first word 
line Voltage and isolated, the Supplemental Voltage provider 
810 can be used to ensure that the voltage on the local word 
line 512 reaches or stays at the desired voltage level needed to 
enable the writing operations. 
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14 
In some embodiments, the Supplemental Voltage provider 

810 is used in conjunction with the auto-boot feature 
described above where a plurality of bit lines are used to boost 
the voltage on the local word line 512 based on their capaci 
tive coupling with the local word line 512. In other embodi 
ments, the supplemental voltage provider 810 may be used 
separate from and independent of Such auto-booting. In the 
case where the supplemental voltage provider 810 is used in 
conjunction with the auto-boot feature described above, the 
supplemental voltage provider 810 may be selectively 
enabled Such that it does not begin providing charge to the 
local word line 512 until after the charge sharing associated 
with the plurality of bit lines being driven has been initiated. 
In other embodiments, the supplemental voltage provider 810 
may be enabled at the same time that auto-booting occurs, or 
may be enabled as soon as the local word line 512 is selected. 

In some embodiments, the Supplemental Voltage provider 
810 represents a stored capacitive charge that can be selec 
tively coupled to the local word line 512 to provide supple 
mental charge to the word line, thereby allowing it to maintain 
a desired voltage level for a longer period of time. In other 
embodiments, the supplemental voltage provider 810 may 
represent a connection to a Voltage source that continuously 
maintains the desired voltage level on the local word line 512. 
Such a Voltage source may include a Supply Voltage, the 
capacitive reservoir, a charge pump, or various combinations 
thereof. 

FIG. 5 also illustrates a schematic diagram of an example 
embodiment of a supplemental voltage provider 820. Supple 
mental voltage provider 820 includes transistors 821-823. 
Node 824, which is coupled to transistors 822 and 823 cor 
responds to a supply voltage, which preferably has a magni 
tude corresponding to the desired Voltage on the word line 
during an up-current write operation. Transistor 822 provides 
a weak reset for the supplemental voltage provider 820. Tran 
sistor 822 is an undersized transistor that holds the gate of 
transistor 823 high when the supplemental voltage provider 
820 is not activated, thereby preventing transistor 823 from 
driving the local word line 105 using the voltage at node 824. 
When the supplemental voltage provider 820, or “keeper.” 

is to be activated, the keep\signal 802 is asserted low. Because 
the local word line 105 is high, transistor 821 overpowers 
undersized transistor 822 and, when the keep\ signal 802 is 
low, pulls the gate of transistor 823 low. When the transistor 
823 is turned on, the local word line 105 is driven using the 
voltage at node 824, which preferably corresponds to the 
desired word line voltage that is to be maintained on the local 
word line 105. In one embodiment, the keep\ signal 802 is 
asserted low after the auto-booting corresponding to an up 
current write and then later de-asserted high prior to dropping 
the bit line voltages at the end of the up-current write. Nota 
bly, if the initial charge sharing associated with an auto-boot 
is sufficient to bring the local word line 105 to the desired 
word line Voltage for an up-current write, it may not be 
necessary to initially assert the keep\ signal 802 low. Instead, 
that signal can be held high until the Voltage on the local word 
line begins to degrade based on leakage, at which point the 
keep\ signal 802 can be asserted low to maintain the local 
word line at the desired voltage. 

FIG. 6 provides a timing diagram corresponding to certain 
signals included in FIG. 5. As shown, reset\ signal 670 is 
de-asserted at 711, thereby allowing the state of the global 
row decode signal 505 to be sampled. Row latch signal 672 
goes high at 712, thereby enabling the state of global row 
decodesignal 505 to be passed to the input of the inverter 520. 
As discussed above, once the state of the global row decode 
signal 505 is presented to the input of the inverter 520, a 
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feedback path ensures that the state sampled is maintained 
following de-assertion of the row latch signal 672 at 713. 
Thus, because global row decode signal 505 is low during 
time period 710, and the row latch signal 672 goes high during 
that time period and returns low before that time period con 
cludes, the circuit of FIG. 5 samples the global row decode 
signal 505. 

After the global row decode signal 505 is sampled, local 
boot lines 523 and 524 are used to determine which of local 
word lines 512 and 105 is to be selected. As shown in FIG. 6, 
local bootline 524 is initially raised to a higher voltage at 714, 
where the higher voltage is preferably such that the transistor 
513 is able to pass the full supply voltage of the inverter 520 
to the local word line 105. Driving the local word line 105 to 
this initial first word line voltage is illustrated as edge 741 in 
FIG. 6. As discussed above, the initial word line voltage may 
be sufficient to Support a down-current write, and Such a 
down-current write is accomplished by driving the selected 
bit line 321 high (between edges 721 and 722) while bit lines 
322-328 are maintained low. During this time period, a slight 
boost to the word line voltage on local word line 105 may 
occur, but because only a small fraction of the bit lines are 
driven high (bit line 321 and any others corresponding to 
memory cells in the page being activated), that boost is 
assumed to be minimal and not illustrated in the timing dia 
gram. 

For an up-current write, the voltage on the local boot line 
524, which is initially at a higher voltage to pass the full 
supply voltage for the inverter to the local word line 105, is 
reduced at 715 to a level that isolates the local word line 105. 
Once the local word line 105 is isolated, the bit lines 322-328 
are driven high at 731. Auto-booting occurs due to capacitive 
coupling, and the local word line 105 is boosted at 742 to the 
level needed to support an up-current write. In the example 
illustrated in FIG. 6, it is assumed that the auto booting 
initially drives the local word line 105 to the level needed to 
Support the up-current write. Because of this assumption a 
supplemental voltage provider need not be enabled initially. 
However, once the charge on the local word line 105 begins to 
bleed away due to leakage, keep\ signal 802 is asserted low at 
718, thereby enabling a supplemental voltage provider to 
maintain the voltage level on the local word line 105 at the 
level needed to facilitate the up-current write. The keep\ sig 
nal 802 is de-asserted at 719 prior to the bit lines being driven 
low at 732 such that when the bit lines 322-328 are driven low, 
the local word line 105 returns to its initial first word line 
voltage at 743. 
When operations corresponding to the local word line 105 

are complete, the local boot line 524 is driven low at 716, 
thereby grounding the local word line 105 at 744 and ensuring 
that any accumulated charge on the local word line 105 is 
dissipated. While not shown in FIG. 6, once operations are 
complete, the reset\ signal 670 may once again be asserted 
low, thereby readying the circuit for Subsequent sampling of 
the global row decode signal 505 the next time the bank is 
activated. 

FIGS. 7 and 8 are flow charts that illustrate exemplary 
embodiments of a method of accessing a memory cell in a 
magnetic memory, where, in one example, the magnetic 
memory includes an array of spin-torque MTJ memory cells. 
The operations included in the flow charts may represent only 
a portion of the overall process used to operating the device. 
For illustrative purposes, the following description of the 
methods in FIGS. 7 and 8 may refer to elements mentioned 
above in connection with FIGS. 1-6. It should be appreciated 
that methods may include any number of additional or alter 
native tasks, the tasks shown in FIGS. 7 and 8 need not be 
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performed in the illustrated order, and the methods may be 
incorporated into a more comprehensive procedure or process 
having additional functionality not described in detail herein. 
Moreover, one or more of the tasks shown in FIGS. 7 and 8 
could be omitted from an embodiment as long as the intended 
overall functionality remains intact 

FIG. 7 illustrates a flow chart of a accessing a selected 
memory cell in a magnetic memory. At 902, a word line is 
driven to a first word line voltage. As discussed above, the first 
word line Voltage may correspond to the Voltage needed to 
Support a down-current write, a Supply Voltage level, or a 
Voltage greater than the Supply Voltage level. As also dis 
cussed above, which word line is driven to the first word line 
Voltage can be determined by decoding portions of an address 
received in order to determine which word line is to be driven. 

For example, a first portion of an address can be decoded to 
determine first row selection information. In the examples 
discussed above, the first row selection information may cor 
respond to the global row decode signals. A second portion of 
the address can be decoded to determine second row selection 
information. In the examples above, the second row selection 
information may correspond to the information used to deter 
mine which of the local boot lines are asserted. In such 
embodiments, driving the word line to the first word line 
voltage includes selecting the word line to be driven based on 
the first and second row selection information. 

In yet other embodiments, a command corresponding to a 
bank in a magnetic memory may be detected, where the bank 
includes the set of memory cells that includes the selected 
memory cell. For example, an activate command can be 
received that includes bank selection information. As dis 
cussed above with respect to FIGS. 5 and 6, such bank selec 
tion information can be used to sample a portion of the row 
selection information, thereby freeing up the decoders that 
produce that row selection information for other accesses to 
other banks in the memory. For example, based on the detec 
tion of an activate command to a particular bank, the global 
row decode signals, which may signals provided to all banks 
in the memory device, may be sampled by the particular bank 
to which the activate command is directed. Once that infor 
mation is sampled, the global row decoders can be used to 
decode additional addresses for memory cells in other banks. 
While the example of an activate command has been pre 
sented herein, other commands that are directed to specific 
banks may also rely on similar sampling operations to facili 
tate pipelining within the memory device. 

In addition to using the address information to drive a 
selected word line to the first word line voltage, that informa 
tion can also be used to deselect at least one additional word 
line, where deselecting may include pulling the at least one 
additional word line to ground. As was the case in some of the 
examples above, such de-selection was controlled by the local 
bootlines. Thus, in addition to causing a selected word line to 
be driven to the first word line voltage, the address informa 
tion may also cause the remaining word lines to be de-Se 
lected, or pulled to ground, in order to ensure that any accu 
mulated charge on those bit lines is removed. 
As discussed above with respect to FIG. 1, the selected 

word line that is driven is coupled to a set of selection tran 
sistors, where each selection transistor of the set of selection 
transistors is coupled between the first electrode of a corre 
sponding memory cell of the set of memory cells and a source 
line shared by the set of memory cells. The selected memory 
cell to be accessed using the word line is included in the set of 
memory cells. In some embodiments, the word line Voltage is 
initially at ground, whereas in other embodiments, the initial 
word line Voltage is slightly above ground, and may corre 
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spond to an initial Voltage provided on the bit lines used to 
drive current through the memory cells. The initial voltage 
provided on the bit lines may be a voltage level required for 
reliable gate to source Voltage of the word line select transis 
tors in the unselected bit lines during a write operation. 

At 904, the word line is isolated from the circuitry used to 
drive the word line to the first word line voltage. Isolating the 
word line may be accomplished by a variety of means, includ 
ing reducing the gate Voltage on a transistorgating a Voltage 
to the word line such that the transistor behaves as a reverse 
biased diode. 

At 906, a plurality of bit lines are driven to a first bit line 
voltage. Each bit line of the plurality of bit lines that is driven 
to the first bit line voltage is coupled to a second electrode of 
a corresponding memory cell of the set of memory cells. In 
the example of an embodiment using local source lines, the 
plurality of bit lines correspond to those memory cells that are 
not being accessed, but will source or sink a fraction of the 
current that is used to write to the selected memory cell. The 
first bit line voltage is different than the first word line voltage, 
and driving the plurality of bit lines to the first bit line voltage 
adjusts the Voltage on the isolated word line to a second word 
line voltage. As discussed above, driving the plurality of bit 
lines to the first bit line voltage can provide an auto-boot 
feature with respect to the word line, where, in some embodi 
ments, the word line voltage is boosted up to a level needed to 
enable an up-current write. Notably, in other embodiments, 
the capacitive coupling between the plurality of bit lines and 
the word line can be used to adjust the voltage on word line by 
different amounts and in different directions. Thus, the 
capacitive coupling between the plurality of bit lines and the 
word line can be used to either raise or lower the voltage on 
the word line as needed. 

At 908, a selected bit line is driven to a second bit line 
voltage. The selected bit line is coupled to a second electrode 
of the selected memory cell, and driving the selected bit line 
to the second bit line voltage results in a first current through 
the selected memory cell. In an embodiment where the 
selected memory cell and the additional memory cells 
included in the set of memory cells are all coupled to a local 
source line, a fractional portion of the first current flows 
through each memory cell coupled to a corresponding bit line 
of the plurality of bit lines driven to the first bit line voltage. 
Thus, as discussed above with FIG. 1, when the selected bit 
line is driven in one direction, and each of the plurality of bit 
lines corresponding to the other memory cells in the set is 
driven in the opposite direction, a circuit is formed between 
the selected bit line and the plurality of bit lines, where all of 
the current flows through the selected memory cell, but only 
a fraction of the current flows through the other memory cells. 
As also discussed above, the fractional portion of the current 
is preferably such that it does not disturb the unselected 
memory cells, whereas the current in its entirety is sufficient 
to cause the free portion of the selected memory cell to change 
its magnetic orientation. 

In some embodiments, the word line driven at 902 also 
corresponds to further memory cells in a row, where addi 
tional sets of memory cells in the row provide further bit lines 
that can be driven to specific voltages in order to influence the 
voltage level on the selected word line. For example, as dis 
cussed above with respect to FIG. 1, the bit lines correspond 
ing to the sets of memory cells 120 and 130 can be driven to 
the first bit line voltage at the same time as the plurality of bit 
lines 122-128 in order to further influence the voltage on the 
isolated word line 105. As also discussed above, those addi 
tional bit lines included in sets 120 and 130 could be driven to 
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a third bit line voltage that is different than the first and second 
bit line voltages applied to bit line 321 and bit lines 322-328, 
respectively. 
At 910, a supplemental voltage is applied to the word line 

to maintain the desired voltage level on the word line. As 
discussed above, charge may begin to bleed off of the isolated 
word line, thereby limiting the amount of time the word line 
is at a voltage level effective for performing write operations 
within the memory device. In order to extend the length of 
time the word line can effectively be used to perform write 
operations, a Supplemental Voltage can be applied to the word 
line. As discussed above with respect to FIG. 5, the supple 
mental Voltage may be applied using a Supplemental Voltage 
provider that is about equal to the second word line Voltage, 
which, in some embodiments is the word line voltage needed 
to perform an up-current write. In Such a case, the Supple 
mental Voltage may be in the form of a Voltage Supply that 
holds the word line at the second word line voltage until 
up-current write operations are nearly complete. In other 
embodiments, the Supplemental Voltage is different in mag 
nitude than the second word line Voltage such that the Supple 
mental voltage applied is able to either raise or lower the 
voltage level on the isolated word line. For example, if the 
auto-boot resulting from driving the plurality of bit lines 
raises the voltage level on the word line above a desired 
Voltage level, the Supplemental Voltage applied may lower the 
word line Voltage as opposed to raising it. 
As discussed above, accessing a selected memory cell in a 

magnetic memory can include performing an activate opera 
tion that loads the data corresponding to a plurality of 
memory cells into data storage latches that can be accessed 
for read and write operations. When using a self-referenced 
read such as that described above, the activate operation only 
relies on write current in a single (i.e. up or down) direction. 
Following the accesses to the page of memory in the data 
storage latches, a precharge operation writes data to any 
memory cells included in the page that do not accurately 
represent the data in the data storage latches when the pre 
charge operation is performed. Those writing operations to 
the selected memory cells only rely on a write current in the 
opposite direction used during the activate operation. For 
example, if the activate operation relies on down-current 
writes, the precharge operation relies on up-current writes. As 
Such, when local source lines are employed, and a large 
number of bit lines are necessarily moved during up-current 
writes or down-current writes, the capacitive coupling 
between those bit lines and the word line can be leveraged to 
adjust the word line to a desired Voltage needed for writing, 
thereby reusing some of the power consumed by driving those 
bit lines. 

FIG. 8 illustrates a flow chart of another method for access 
ing a selected memory cell in a magnetic memory. At 912, the 
first portion of an address is decoded to determine first row 
selection information. At 914, a second portion of the address 
is decoded to determine second row selection information. At 
916, a command directed at a selected bank is detected, which 
results in the first row selection information being sampled at 
918. In one embodiment, the actions performed at 912-918 
correspond to actions described in the discussion of FIG. 5 
above: decoding the global row decode signal, determining 
which local boot lines to assert, determining that a row latch 
signal for the bank should be asserted, and latching the global 
row decode signals for that bank at the appropriate time. 
At 920, a word line is driven to a first word line voltage, 

where the word line is selected based on at least the first and 
second row selection information. As discussed above with 
respect to FIG. 1, the word line is coupled to a set of selection 
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transistors, where each selection transistor of the set of selec 
tion transistors is coupled between the first electrode of a 
corresponding memory cell of a set of memory cells and a 
source line shared by the set of memory cells. In some 
embodiments, the Source line is a local source line, whereas in 
other embodiments, it is a conventional source line associated 
with an entire row. 

At 922, the word line is isolated to produce an isolated 
word line. Isolating the word line can include preventing the 
circuitry used to drive the word line to the first word line 
voltage from further influence on the word line. In addition, 
isolating the word line preferably prevents bleed back of 
charge from the isolated word line to the circuitry used to 
initially drive the word line or other circuitry used in biasing 
the isolated word line. 

At 924, bit lines are driven in order to perform a write 
operation to the selected memory cell. Driving bit lines at 924 
may include, in the case of a local source line, driving a 
plurality of bits to a first bit line voltage, while driving a 
selected bit line to a second bit line voltage. The first bit line 
voltage may be different than the first word line voltage. In an 
example corresponding to the array portion illustrated in FIG. 
1, driving the bit lines at 924 may include driving bit line 321 
to a low voltage, while driving the plurality of bit lines 322 
328 to a high voltage. Driving the bit lines at 924 adjusts the 
Voltage on the isolated word line based on capacitive coupling 
between the bit lines and the word line. In the case where a 
large number of bit lines are driven to a high Voltage, the 
resulting Voltage on the isolated word line may be raised to a 
level sufficient to facilitate up-current write operations to the 
selected memory cell (e.g. memory cell 121). 
At 926, a supplemental voltage provider is enabled to 

maintain the word line voltage at the desired level. As dis 
cussed above, in Some embodiments a Supplemental Voltage 
provider may be enabled to adjust the voltage level on the 
isolated word line to the desired second word line voltage 
independent from any auto-booting that may or may not occur 
based on the bit lines being driven. In other embodiments, the 
Supplemental Voltage provider is enabled in addition to the 
auto-booting in order to either further raise or lower the 
Voltage level on the isolated wordline to reach a target Voltage 
level, or to maintain a desired voltage level already achieved 
through the auto-booting. As noted above, the Supplemental 
Voltage provider may include a Voltage Supply, a capacitive 
load, a charge pump, or various combinations of Such ele 
mentS. 
By utilizing auto booting and Supplemental Voltage pro 

viders to achieve a desired Voltage on an isolated word line, 
writing operations to memory cells within the magnetic 
memory are Supported. In the case of auto-booting in a local 
word line embodiment, driving one bit line within a set of bit 
lines to a low or high Voltage while driving the remaining bit 
lines in the set of bit lines to the opposite low or high voltage 
results in current flowing through a selected memory cell 
Sufficient to alter the magnetic state of that memory cell, 
while only passing a fraction of that current through the 
remaining memory cells in the set, where the fraction is 
insufficient to disturb those remaining memory cells. Using 
the charge required to drive the bit lines to autoboot the word 
line helps to ensure that unneeded additional power consump 
tion does not occur. 

While exemplary embodiments have been presented 
above, it should be appreciated that many variations exist. 
Furthermore, while the description uses spin-torque MRAM 
devices that include memory cells in a specific example 
arrangements, the teachings may be applied to other memory 
devices having different architectures in which the same con 
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cepts can be applied. Thus, the particular embodiments dis 
closed above are illustrative only and should not be taken as 
limitations, as the embodiments may be modified and prac 
ticed in different but equivalent manners apparent to those 
skilled in the art having the benefit of the teachings herein. 
Accordingly, the foregoing description is not intended to limit 
the disclosure to the particular form set forth, but on the 
contrary, is intended to cover Such alternatives, modifications 
and equivalents as may be included within the spirit and scope 
of the inventions as defined by the appended claims so that 
those skilled in the art should understand that they can make 
various changes, Substitutions and alterations without depart 
ing from the spirit and scope of the inventions in their broad 
est form. 
What is claimed is: 
1. A method for accessing a selected memory cell in a 

magnetic memory, comprising: 
driving a word line to a first word line voltage, wherein the 
word line is coupled to a set of selection transistors, 
wherein each selection transistor of the set of selection 
transistors is coupled between a first electrode of a cor 
responding memory cell of a set of memory cells and a 
source line shared by the set of memory cells, wherein 
the selected memory cell is included in the set of 
memory cells; 

isolating the word line from circuitry used to drive the word 
line to the first word line voltage to produce an isolated 
word line; and 

driving a plurality of bit lines to a first bit line voltage, 
wherein each bit line of the plurality of bit lines is 
coupled to a second electrode of a corresponding 
memory cell of the set of memory cells, wherein the first 
bit line voltage is different than the first word line volt 
age, and wherein driving the plurality of bit lines to the 
first bit line voltage adjusts voltage on the isolated word 
line to a second word line Voltage. 

2. The method of claim 1, wherein the source line is a local 
Source line corresponding to the set of memory cells, and 
wherein the method further comprises: 

driving a selected bit line to a second bit line Voltage, 
wherein the selected bit line is coupled to a second 
electrode of the selected memory cell, wherein driving 
the selected bit line to the second bit line voltage results 
in a first current through the selected memory cell, 
wherein a fraction of the first current flows through each 
memory cell coupled to a corresponding bit line of the 
plurality of bit lines driven to the first bit line voltage. 

3. The method of claim 2, wherein the word line corre 
sponds to a row of memory cells that includes the set of 
memory cells and additional sets of memory cells, and 
wherein driving the plurality of bit lines further comprises 
driving additional bit lines to a third bit line voltage, wherein 
each of the additional bit lines is coupled to a second electrode 
of a corresponding memory cell included in the additional 
sets of memory cells in the row to which the word line cor 
responds. 

4. The method of claim3, wherein the third bit line voltage 
and the first bit line Voltage are about equal. 

5. The method of claim 2, further comprising: 
after driving the plurality of bit lines to a first bit line 

Voltage, applying a Supplemental Voltage to the word 
line. 

6. The method of claim 5, wherein the supplemental volt 
age is about equal to the second word line Voltage. 

7. The method of claim 5, wherein the supplemental volt 
age is different in magnitude from the second word line 
Voltage. 
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8. The method of claim 2, wherein driving the selected bit 
line to the second bit line voltage results in the first current 
through the selected memory cell having a magnitude suffi 
cient to write a new state to the selected memory cell, wherein 
the fraction of the first current is insufficient to write a new 
State in each of the memory cells coupled to a corresponding 
bit line of the plurality of bit lines driven to the first bit line 
Voltage. 

9. The method of claim 2 further comprising: 
decoding a first portion of an address to determine first row 

selection information; 
decoding a second portion of the address to determine 

second row selection information; and 
wherein driving the word line to the first word line voltage 

includes selecting the first word line based on the first 
and second row selection information. 

10. The method of claim 9 further comprises: 
detecting a command corresponding to a bank in the mag 

netic memory, wherein the bank includes the set of 
memory cells that includes the selected memory cell; 
and 

sampling the first row selection information based on the 
command. 

11. The method of claim 9 further comprises driving at 
least one additional word line to a voltage that de-selects the 
at least one additional word line, wherein driving the at least 
one additional word line is based on the second row selection 
information. 

12. The method of claim 2, wherein: 
driving the word line to the first word line voltage includes 

driving the word line from an initial word line voltage to 
the first Word line Voltage; and 

driving the plurality of bit lines to the first bit line voltage 
includes driving the plurality of bit lines from an initial 
bit line voltage to the first bit line voltage, wherein the 
initial wordline voltage and the initial bit line voltage are 
about equal. 

13. The method of claim 12, wherein the initial word line 
Voltage and the initial bit line voltage correspond to a ground 
Voltage. 

14. A method for accessing a selected memory cell in a 
magnetic memory, comprising: 

driving a word line to a first word line voltage, wherein the 
word line is coupled to a set of selection transistors, 
wherein each selection transistor of the set of selection 
transistors is coupled between a first electrode of a cor 
responding memory cell of a set of memory cells and a 
source line shared by the set of memory cells, wherein 
the selected memory cell is included in the set of 
memory cells; 

isolating the word line from circuitry used to drive the word 
line to the first word line voltage to produce an isolated 
word line; 

enabling a supplemental Voltage provider to adjust a volt 
age level on the isolated word line to a second word line 
Voltage; and 
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driving a plurality of bit lines to a first bit line voltage, 

wherein each bit line of the plurality of bit lines is 
coupled to a first electrode of a corresponding memory 
cell of the set of memory cells, wherein the first bit line 
voltage is different than the first word line voltage, and 
wherein driving the plurality of bit lines to the first bit 
line Voltage changes the Voltage level on the isolated 
word line to a third word line voltage. 

15. The method of claim 14 further comprising: 
driving a selected bit line to a second bit line voltage, 

wherein the selected bit line is coupled to a second 
electrode of the selected memory cell, wherein driving 
the selected bit line to the second bit line voltage results 
in a first current through the selected memory cell, 
whereina fraction of the first current flows through each 
memory cell coupled to a corresponding bit line of the 
plurality of bit lines driven to the first bit line voltage. 

16. The method of claim 14, wherein driving the plurality 
of bit lines further comprises driving the plurality of bit lines 
before enabling the supplemental voltage provider. 

17. The method of claim 14, wherein the source line is a 
local source line corresponding to the set of memory cells. 

18. The method of claim 17, wherein the word line corre 
sponds to a row of memory cells that includes the set of 
memory cells and additional sets of memory cells, and 
wherein driving the plurality of bit lines further comprises 
driving additional bit lines to a third bit line voltage, wherein 
each of the additional bit lines is coupled to a second electrode 
of a corresponding memory cell included in the additional 
sets of memory cells in the row to which the word line cor 
responds. 

19. The method of claim 14, wherein enabling the supple 
mental Voltage provider further comprises enabling a charge 
pump. 

20. The method of claim 14 further comprising: 
decoding a first portion of an address to determine first row 

selection information; 
decoding a second portion of the address to determine 

second row selection information; and 
wherein driving the word line to the first word line voltage 

includes selecting the first word line based on the first 
and second row selection information. 

21. The method of claim 20 further comprises: 
detecting a command corresponding to a bank in the mag 

netic memory, wherein the bank includes the set of 
memory cells that includes the selected memory cell; 
and 

sampling the first row selection information based on the 
command. 

22. The method of claim 20 further comprises driving at 
least one additional word line to a voltage that de-selects the 
at least one additional word line, wherein driving the at least 
one additional word line is based on the second row selection 
information. 


